
Table 4. Summary of sightings (number of sightings/number of animals), summer
1985.

Gray Bearded Ringed Unidentified
Flight Date Whale Belukha Seal Seal Walrus Pinniped

1
2
3
4
5
6
7
8
9

10
11
12
13

TOTAL

17 July
18 July
19 July
20 July
21 July
22 July
23 July
24 July
25 July
26 JUIY

28 July
29 JUIY

30 July

67/478
3/16
17/57
7/12

o
1/1
1/2

24/76
19/63

o
0
0
0

139/705

o

0

1/3
1/30

o
0
0
0

1/1
o
0
0

1/3

4/37

o

0

313
2/2

o
1/1
4/6

13/19
4/5

o
0
0

1/1

28/ 37

0

1/2
1/1

o
0
0

1/1
9/13
2/2
o
0
0
0

14/19

1/1
o
0

4/155
o

2/580
64/4166
22/1417

3/33
o
0
0
0

96/6352

5/10
2/3

o
0
0
0

4/4
23/56
7/9
4/4

o
0
0

46/86

Gray Whale (l%chrichtius  robustus)

Distribution, Relative Abundance, and Density

One hundred thirty-nine sightings of seven hundred and five gray whales were

made in the northern Bering and northeastern Chukchi Seas in July (Table 4,

Figure 5). Four hundred seventy-seven whales, including two calve% were seen in

the northern Bering Sea on one flight (Figure 5A). Two hundred twenty-eight

whales, including fifteen calves, were seen

(Figure 5B). The distribution of gray whales

years.

Areas of greatest relative abundance in

in the Chukchi Sea on eight flights

in both seas was very similar to past

the Bering Sea were blocks 25 and 26

where WPUE was 46.34 and 164.25 respectively (Table 5). in the chukchi  se%

areas of greatest abundance were blocks 13, 17, 20 and 22 where WPUE were

14.23, 12.34, 2.81, and 7.73 respectively (Table 5). Whales in block 22 were

approximately 7 to 26 km south of Pt. Hope. Those seen in blocks 13 and 17 were
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Figure 5. Distribution of 139 sightings of 705 gray whales, summer 1985: 66
sightings of 477 whales, Bering Sea (A); 73 sightings of 228 whales, Chukchi  Sea (B).
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Table 5. Relative abundance (WPUE) of gray whales by survey block, summer 1985.
WPUE = no. whales/hours of survey effort

Block Flights* Hours Gray Whales WPUE

1
2
3
4
5
6
7
9

12
13
14
15
17
18
19
20
21
22
24
25
26
28

4
2
1
1

i
1
2
6
8
5
2
6
3
1
3
1
3
1
1
1
1

1.19
0.71
0.52
0.64
1.61
0.49
1.20
1.64
0.51
9.77
3.25
3.22
3.81
2.90
0.33
2.85
1.91
3.88
0.17
2.46
2.21
0.16

Unblocked 8 1.92
Total/Average 63 47.35

*Flight is any traverse of a block.

o
0
0
0
0
0
0
0
0

139
0
0

47
0
0
8
0

30
1

114
363

0

3
705

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

14.23
0.00
0.00

12.34
0.00
0.00
2.81
0.00
7.73
5.88

46.34
164.25

0.00

1.56
14.89

generally within 30 km off shore between Icy Cape and Pt. Barrow, and those seen

in block 20 were north of Cape Lisburne,  within 90 km of shore. One whale was

seen in block 24 less than one kilometer from shore.

Estimates of gray whale density/block ranged from 0.0936 whales/km 2 in

block 26 to 0.0008 whales/km2  in block 20 (Figure 6). Density estimates for

blocks 25, 13 and 17 were 0.0394 whales/km2,  0.0018 whales/km2  and 0.0034

whales/km2  respectively. These estimates represent densities of whales at the

surface only and were not corrected for submerged whales.
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Although high gray whale relative abundance indices (WPUE) were calculated for

blocks 22 and 24, density estimates could not be derived for these blocks because

whale sightings were never made while surveying a random transect leg (see Figure

2).

Gray

importance

summering

Bering Sea

at least an

whale density estimates and relative abundance indices reflect the

of the northern Bering Sea, and secondarily the coastal Chukchi Sea as

habitat for gray whales. In 1985, the Chir.ikov  Basin in the northern

supported a summering aggregation of gray whales whose density was

order of magnitude greater than the densest area in the Chukchi Sea.

Similar differences in abundance by sea have been noted for past years, although

the magnitude of difference has varied annually (Appendix B: see Table B-2).

Habitat Relationships

Gray whales in the Bering Sea were seen approximately 0.5 to 140 km from

shore in water 18 to 60 m deep & = 45.1, s.d. = 7.56, n = 66). All gray whales

(n = 477) seen in the Bering Sea were in open water. Grays seen in the Chukchi Sea

were approximately 0.5 to 90 km from shore in water 5 to 42 m deep (~ = 21.5,

s.d. = 8.63, n = 73). Eighty-seven percent (n = 199) of gray whales seen in the

Chukchi Sea were in open water, twe~ve percent (n = 27) were in 1 to I o percent

ice coverage, and less than 1 percent (n = 2) were seen in 20 to 30 percent ice

coverage.

Behavior

Gray whales were usually seen either feeding (66 %, n = 466) or swimming

(26 %, n =183; Table 6). Of the feeding whales seen, seventy-four percent (n = 346)

were in the northern Bering Sea and 26 percent (n = 120) were in the Chukchi Sea.

Feeding was inferred anytime a whale was seen with a mud plume. Mud plumes,

billows of sediment brought to the surface by whales feeding on infaunal  prey, are

excellent sighting cues and as such may positively bias data toward “feeding”

whales. Conversely, whales feeding on epibenthic  prey may not create mud

plumes and therefore some “feeding” whales may go unrecorded.

Three percent (n =22) of the grays seen were resting, sometimes in very

shallow coastal water. Five percent (n = 34) of all gray whales seen were involved

in cow-calf behaviors. The majority (n = 30) of these were seen in the Chukchi Sea

south of Point Hope and along the northeastern coast between Icy Cape and

Point Barrow.

18



Table 6. Observed gray whale behavior by sea, summer 1985.

Bering Sea Chukchi Sea Total
No.(%) No.(%) No.(%)

BEHAVIOR:

Swim 118 (25) 64 (28) 182 (26)
Dive o (o) 1 (1) 1 (o)
Rest 9 (2) 13 (5) 22 (3)
Feed 346(72) 120(53) 466 (66)
Cow-Calf 4 (1) 30 (13) 34 (5)

TOTAL 477 228 705

Gray whale calves seen south of Point Hope (35%, n = 6) exhibited avoidance

or “hiding” behavior on two days (App~.adix A: Flights 2 and 3) similar to that seen

in 1982 (Ljungblad  et al., 1983). Each calf positioned itself under an adult whale,

presumably the cow, so that only the calf’s flukes could be seen. Occasionally a

calf was seen momentarily resting close to an adult before submerging and “hiding”

in what may have been an aircraft response.

Nine calves (53%) were seen swimming adjacent to an adult that was part of

a larger feeding group both in the Bering (n = 2) and northeastern Chukchi  Seas

(n = 7). The remaining two calves (12%) were associated with swimming adults in

the northeastern Chukchi Sea. One of these was swimming and breaching ahead of

the aduIt (Appendix A: Flight 9).

Gray whales exhibited headings in all directions, with no significant

clustering about any direction in either the northern Bering Sea (Rayleigh test,

z = 1.35, n = 15, p sO. 20) nor the northeastern Chukchi Sea (Rayleigh  test,

z = 1.87, n = 29, pc_O.10).

Average group size for all gray whales was 3.38 (s.d. = 13.45, n = 103).

Feeding gray whale groups were larger (~ = 7.88, s.d. = 15.75, n = 60) than groups

of non-feeding whales (~ = 4.56, s.d. = 2.99, n = 43), but this difference was not

significant (t = 1.14, df = 101, p <0.09).
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Recruitment

Seventeen gray whale calves were seen during the summer surveys resulting

in a Gross Annual Recruitment Rate (GARR) of 17/705, or 2.4 percent. Fifteen of

the calves were among the 228 whales in the northeastern Chukchi Sea (GARR =

6.58%), while only two calves were among the 477 gray whales in the northern

Bering Sea (GARR = 0.42%). These differences in GARR by sea are similar to

those reported for past years (Moore et al., 1986 b), and may represent an example

of partial segregation of cow-calf groups on the northern range. Annual estimates

of GARR, and gray whale caIf  relative abundance for data collected in the

northern Bering and eastern Chukchi Seas since 1980, further support the

contention of partial cow-calf segregation on the northern range (see Table 23 and

Table 24).

Other Species

Belukha Whale  (Ddphinapterus  Ieucas)

Four sightings of 37 belukha whales were made in summer. One group of 30,

consisting of primarily cows with calves, was seen near-shore in the northeastern

Chukchi Sea on 20 July (Appendix A: Flight 4). AM other sightings were of singles

or small groups of adult whales. They consisted of one sighting of three belukas

within 0.5 km of shore approximately 140 km southwest of Point Hope (Appendix A:

Flight 3), a single whale seen about 40 km northwest of Point Barrow (Appendix A:

Flight 9), and one sighting of three belukhas approximately 195 km north of Barter

Island (Appendix A: Flight 13).

Pinnipeds

Thirty-seven bearded seals, 19 ringed seals, and 86 unidentified pinnipeds

were seen in summer. Bearded seals and ringed seals were usually seen as singles

in the Chukchi Sea. The largest loose aggregation of bearded (n . 19) and ringed

(n = 13) seals was seen on 24 July (Appendix A: Flight 8) approximately 100 km

north of Cape Lisburne. Walrus were sighted primarily along the ice edge and were

usually swimming or in large (up to 600) groups resting on ice floes. Over 4000

walrus were seen northwest of Icy Cape on 23 July [Appendix A: Flight 7), and

1417 were counted on 24 July (Appendix A: Flight 8) in the same general area

offshore between Cape Lisburne  and Ice Cape where bearded and ringed seals were

seen. Pinnipeds that reacted suddenly to the aircraft often could not be positively

identified.
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FALL (1 August to 23 October)

Survey Effort, Rationale, and Sighting Summary

Two hundred twelve and three-quarter hours of surveys were flown in the

fall, with 93 percent (197.7 hrs) of this effort in the Beaufort Sea and 7 percent

(15.1 h) in the Chukchi Sea (Table 7). Thirty-one percent (67.0 hrs) of the total

flight time was flown in August (Figure 7A), 33 percent (69.8 hrs) in September

(Figure 7B), and 36 percent (76.0 hrs) in october  (Figure 7C; Table 8). Overall,

survey effort was somewhat less extensive than that flown in 1982-84, but greater

than that flown in 1979-81. Surveys were not flown on 12 days in August, 12 in

September, and 6 in October due to poor weather or aircraft maintenance

requirements (Table 8).

Surveys in the Beaufort Sea were scheduled to cover near-shore and offshore

blocks, and to support other MMS-funded  bowhead studies. Restrictive weather

and lengthy transit time to some blocks altered planned coverage somewhat. In

August and the first half of September, priority was given to blocks east of 1500 W.

In the latter part of September, first priority was given to all coastal blocks and to

offshore blocks east of 1500 W. In early October, surveys were directed toward

near-shore blocks in the Beaufort Sea, and to near and offshore areas in the

northern Chukchi  Sea. Surveys during the latter part of October generally focused

on the near-shore blocks of the eastern Alaskan Beaufort Sea to determine the

status of the bowhead migration, as well as on the near-shore blocks of the western

Beaufort Sea and the northern Chukchi Sea. Search surveys along the shifting ice

edge or 20- to 40-m isobath  were flown enroute to or from scheduled blocks.

Bowheads were seen east of 142030’W and south of 70035’N during August,

east of 147°W near the continental shelf break and along the coastline in

September, and west of 1470W along the shelf break and into the coastal Chukchi

Sea in October. Although large aggregations (n = 50 to 600) of bowheads were

reported between Kay Point (690 10’N, 138020’W) and Shingle Point (68055’N,

137°25’W), Canada, from late August through October (R. Davis, personal

communication 1), bowheads were not seen in substantial numbers in the Alaskan

Beaufort Sea until late September-early October. This relatively late observed

movement of the major proportion of whales into the Alaskan Beaufort Sea was

similar to 1979 sighting data (Ljungblad  et al., 1980).
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Table7.  Summary of flight effort, fall 1985.

T r a n s e c t S e a r c h C o n n e c t Total Time on Total WPUE

Length Length Length Length Transect Time (Whales/

FIight Date Sea (km) (km) (km) (km) (hr:min) (hr:min)  h r )

14

15

16

17

1s

19

20

21

22

23

~1#

25

26

27

23

29

30

31

32

33

34

35

36

37

38

39

40

ql

42

&3

2 Aug

6 Aug

7 Aug

8 Aug

9 Aug

11 Aug

12 hug

14 Aug

15 Aug

17 Aug

18 Aug

19 Aug

21 Aug

24 Aug

25 Aug

27 Aug

28 Aug

29 Aug

30 Aug

1 Sep

4 Sep

5 Sep

9 Sep
11 Sep
12 Sep
13 Sep
18 Sep
19 Se”p
20 Sep
22 Sep

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

675
111
371
559
224
289

62
202
586
330
357
112
588
551
351
452
712
854
264
319

0
271

0
467
686
823
941
769
835
469

191
728
499
351
505
473
543
416
425
475
503
156
321
488
475
399
316
540
206
404
318
293
483
384
431

90
235
458

60
789

90

14

88

134

56

84

0

122

70

89

148

85

141

150

102

184

164

238

81

66

0

134

0

107

75

124

I 49

67

114

113

956

85’3

1158

1044

785

846

605

740

1081

894

1008

353

1050

1189

928

1035

1192

1632

55 I

789

318
698

483

958

1192

1037

1325

1294

1009

1371

226

0:23

2:00

202

0:50

1:07

1114

&46

204

1:19

1:21

&28

211

208

1:21

1:47
237
311
1:01
1:12
moo
1:06
moo
1:47
236
325
335
300
3:18
1:58

%28

205

ko9

3:48

Z52

%14

211

2:50

3:51
A26
3:50
1:25
4:02
~42
3:30
3:58
k25
6:07
2:08
2:55
1:14
250
222
338
k36
*I8
fi06
%05
%10
5:44

0.00

0.00

0.24

1.05

0.00

0.93

0.00

0.00

0.26

0.58

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.16

0.00

0.00

0.00

0.00

10.55

0.83

0.00

1.40

0.00

0.00

0.00

0.35
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Table 7 (contd).

Transect Search Connect Total Time on Total WPUE

Length Length Length Length Transect Time (Whales/

Flight Date Sea (km) (km) (km) (km) (hr:min) (hr:min) hr)

46

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

23 Sep

24 Sep

25 Sep

26 Sep

27 Sep

29 Sep

30 Sep

1 Ott

3 Ott

5 Ott

6 Ott

7 Ott

10 Ott

11 Ott

12 Ott

13 Ott

14 Ott

15 Ott

16 Ott

17 Ott

19 Ott

20 Ott

21 Ott

23 Ott

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort
Beaufort

Beaufort

13eaufort

Chukchi

Beaufort

Chukchi
Beaufort

Beaufort

Beaufort

Chukchi
Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Beaufort

Chukchi
Beaufort

Beaufort Sea Total

Chukchi Sea Total

TOTAL

52S

537

593

553

391
442

34

735

708

834

555

895

115

545

880
0

309

480

0
0

543

537

67 I

992

592

701
145

25049

1696

26745

305

530

518

377

514

472

105

329

162

22

426

451

611

364

463
17

553

330

544
14

151

348

167

740

107

105
4

13961

1723

20684

141

94

131

111

55
96

16

133

91

144

112

86

47

84

169
0

121

148

0
0

127

125

141

209

119

55
33

5306

271

5577

974

1161

1242

1041

960

1010

155

1197

961

1000

1093

1432

773

993

1512
17

983

958

544
14

821

1010

979

1941

818

861
182

49316

3690

53006

2:07

216

Z27

220

1:33

1:47

0:10

313

253

3:24

210

3:28

&31

219

3:30
0:00

1:18

1:59

moo
0:00

2:28

213

254

W02

2:17

256
0:35

99:06

6:57

106:03

3:54

k57

>37
4:24

4:17

4:00

0:39

5:16

4:07

k32

k58

530

3:14

4:12

6:10
&05

k21

3:52

2:06
0:03

fi41
k13

4:23

232

3:22

4:37
0:46

197:43

15:07

212:50

0.00
0.00
1.25

0.91

4.44

0.25

0.00

1.71

0.00

1.10

5.23

0.00

0.00

0.48

0.32
[2.50

2.99

0.00

0.48
0.00

0.27

0.00

0.00

0.00

0.00

0.00
0.00

0.69

0.20

0.65
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Figure7. Composite flight tracks, fall 1985: 19 flights in August (A); 18 flights in
September (B); and 17 flights in October (C).
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Table8.  Monthly summary of flight effort, fall 1985.

FLIGHT EFFORT

Total Transect Length (km)

Total Connect Length (km)

Total Search Length (km)

Total Time on Transect (hr:min)

Total Flight Time (hr:min)

No. Flight (days)

Unacceptable Weather (days)

Aircraft Maintenance (days)

AUG SEP OCT TOTAL

7850

2040

8010

29:16

67:01

19

12

0

8658

1593

6766

34:37

69:46

18

11

1

10237 26745

1944 5577

5908 20684

42:10 106:03

76:03 212:50

17 54

5 28

1 2

The secondary aircraft (N545N)  flew 42.8 hours of surveys in the eastern

Alaskan Beaufort Sea from 9t027September to monitor the status of the bowhead

migration (Appendix C: Table C-1, Figure C-1). Surveys were conducted to

coastal areas near the U.S.-Canadian border where aggregations of 10 to 25

bowheads were seen over atwo week period (Appendix C: Flights C-2to  C-9).

Survey Conditions Summary

Survey conditions in early August were generally poor. During the first half

of the month, low ceilings and dense fog prevented flying on six out of 15 days and

caused transects to be truncated or aborted on five occasions. The weather

improved slightly during the latter half of August, allowing more transect surveys

to be completed. Heavy fog extending from Barrow to Canada precluded flying on

six of 16 days, and low altitude search surveys were flown on four days.

Survey conditions in early September were poor. Persistent low fog

prevented flying on seven days, and caused transects to be truncated or aborted on

four of the seven surveys completed. Survey conditions improved during the latter

half of September, although low overcast, fog and/or high winds precluded flying on

four days.
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Survey conditions in October were generally good in areas with heavy ice,

with the exception of persistent high winds which precluded flying on 5 days. In

the ice-free areas of the Chukchi Sea, survey conditions were usually poor due to

reduced visibility, fog, and high sea states (up to Beaufort 7).

Ice coverage in the Beaufort Sea in August remained heavy. In early August,

there was 5 to 10 percent ice coverage in Camden Bay and waters near Barter

Island (Figure 8A). There was a narrow channel (approximately 25 km) of nearly

ice-free (0-5Yo) water between Deadhorse  and Barter Island that broadened and

extended from shore north to 70040’N east of Barter Island. Ice coverage was

greater than 90 percent throughout the rest of the eastern Alaskan Beaufort Sea.

By mid-August, the heavy ice edge had moved farther offshore east of Barter

Island (Figure 8B). Nearly ice-free (O-5%) water extended from shore to 70020’N at

1410w, broadening to 7 loN at 1390W and east. Ice coverage varied from 10 to

50 percent due north of Deadhorse, with the heavy ice (95-99%) edge about 55 km

offshore.

The heavy ice edge continued to move offshore in the northeastern Beaufort

Sea during early September (Figure 9A). Except for localized near-shore bands of 5

to 20 percent and 1 to 10 percent ice north of Prudhoe Bay and east of Barter

Island, the eastern Beaufort Sea was relatively ice-free to 70050’N at 150°W

extending northeast to nearly 72°N at 140°W by mid-month. A four-day storm

with strong winds ( ~40 knots) changed Beaufort Sea ice conditions dramatically in

mid-September (Figure 9B). Heavy ice was blown near shore, and ice conditions

were generally heavy (80 to 99Yo) throughout the northeastern Beaufort Sea, with

localized areas of moderate to heavy coverage (30 to 60%, 50 to 80%) and light to

moderate conditions (5 to 50Yo) encountered near the U.S.-Canadian border. By the

latter part of September, the heavy ice edge had again retreated from shore

(Figure 9C). Although a region of moderate to heavy ice (40 to 90%) persisted

north of Barter Island and light to moderate coverage (5 to 40Yo) was found east of

there, the remainder of the Beaufort Sea was nearly ice-free ( < 10YO) to about
710 201N0

As temperatures dropped in early October (50 to 200F), new ice began to

form rapidly in the shallow areas of the Alaskan Beaufort Sea. Ice coverage was

light to moderate (20 to 30%) east of Deadhorse extending north to 70030’N, where

it increased to 50 to 99 percent (Figure 10A). There was eighty percent new ice

coverage near-shore north of Deadhorse and west to Harrison Bay, with lighter ice
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Figure 8. Schematic representation of ice conditions in the Beaufort Sea,
1-15 August (A); and 16-31 August (B).
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Figure 10. Schematic representation of ice conditions in the Chukchiand  Beaufort
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coverage (0-5Yo) near-shore west of 1520W. North of Smith Bay (1540W) and

extending west of Barrow, 40 to 85 percent ice existed north of 71°N. In mid-

October, persistent low temperatures (Oo to 5oF) caused most of the Alaskan

Beaufort Sea to freeze almost entirely (95 to 99%), with the exception of a near-

shore area east of 143°W,  where coverage was 80 to 99 percent, and a small area

northeast of Barrow where numerous cracks and leads persisted resulting in 75 to

80 percent coverage (Figure lOB). By 21 October, the Alaskan Beaufort Sea was

determined to have 99 percent coverage nearly everywhere.
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Much of the Chukchi Sea remained ice-free through 23 October. In early

October, heavy ice [95 to 99%) existed north of 71030’N and a 25-km strip of

moderate ice coverage (30 to 40%) was south of this (Figure lOA). By mid-

October, areas previously covered with 40 percent ice were 95 percent covered

(Figure 10B). The near-shore areas remained open through 23 October, although

heavy ice had formed directly off Barrow.

B

Bowhead Whale (lklaena  mysticetus)

Distribution, Relative Abundance, and Density
Seventy-seven sightings of 139 bowheads were made during the fall season

(Table 9; Figure 11). Twelve bowheads were seen in August near the easternmost

Outer Continental Shelf (OCS) oil and gas lease areas between 1400W and 1420W

and offshore to 70031’N (Figure 11A). This August distribution was similar to that

of 1984 but dissimilar to that of 1982 and 1983 when whales were generaHy found

farther offshore and farther west (to 146030’W)  along or outside the shelf break

(Ljungblad et al., 1985).

Sixty-seven bowheads were seen in September (Figure 1 lB), fewer whales for

this month than during all previous years except 1980 (Ljungblad, 1981). Whales

were distributed in three discrete groupings: along the coast between 1390W and

141°W (n = 31); approximately 35 km north of Barter Island between 143°W and

1440W (n = 26); and about 40 km north northwest of Flaxman  Island between

145°30’W and 1470W (n = 10). The distribution of bowheads in September over-

lapped the eastern OCS oil and gas lease areas somewhat and was similar to, but

not comprehensive of, that seen in prior years (Ljungblad et al., 1985).

Fifty-seven bowheads were seen in the Beaufort Sea in October (Figure 1 lC),

more whales for this month than in 1980-83, but less than in 1979 and 1984

(Ljungblad et al., 1985). All were seen eight to 110 km offshore east of 147020’W,

and some were within the northwestern boundaries of OCS lease areas. Two

relatively large groupings of bowheads were seen in early October; one consisting

of eight whales 87 km northeast of Lonely, and one group of 20 whales north of

Harrison Bay (Appendix A: Flights 51 and 54). In mid-october,  two groups

(n = 6 and 7) of bowheads were seen 45-55 km north of Prudhoe Bay (Appendix A:

Flight 59). Three bowheads were seen in the Chukchi Sea in October, between 2

and 44 km offshore (Appendix A: Flight 58 and 61). As in September, the

distribution of bowheads in October was similar to, but not comprehensive of, that

seen in prior years (Ljungblad  et al., 1985).
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Table 9. Summary of sightings (number of sightings/number of animals), fall 1985.

Uniden-
Bearded Ringed tified Polar

Flight Date Bowhead Belukha Seal Seal Pinniped Bear

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

2 Aug

6 Aug

7 Aug

8 Aug

9 Aug

11 Aug

12 Aug

14 Aug

15 Aug

17 Aug

18 Aug

19 Aug

21 Aug

24 Aug

25 Aug

27 Aug

28 Aug

29 Aug

30 Aug

1 Sep

4Sep

5 Sep

9 Sep

11 Sep

12 Sep

13 Sep

18 Sep

19 Sep

20 Sep

o

0

1/1

4/4

o

2/3

o

0

/11

2/2

o

0

0

0

0

0

0

1/1

o

0

0

0

9/25

1/3

o

3/6

o

0

0

1/1

o

0

3/9

2/2

5/25

1/2

o

6/9

1/2

1/11

o

0

0

1/1

o

11/36

12/24

o

3/4

o

1/1

o

3/5

1/1

1/1

3/6

2/3

2/11

o

0

0

1/1

1/1

1/1

o

0

0

0

1/1

o

0

0

0

0

0

1/1

o

0

0

0

0

0

1/2

3/4

1/1

2/3

o

31

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2/2

1/1

o

2/2

o

0

1/1

o

5/8

o

0

0

0

5/5

2/3

o

0

0

0

0

0

3/4

1/2

1/1

o

1/1

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Table 9 (contd) ~

Uniden-
Bearded Ringed tified Polar

Flight Date Bowhead Belukha Seal Seal Pinniped Bear

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

August

22 Sep 2/2

23Sep O

24Sep O

25 Sep 5/7

2 6 S e p  3 / 4

27Sep 7 /19

29 Sep 1/1

30Sep O

1 Ott 7/9

3oct o

5 Ott 4/5

6 0 c t  8 / 2 6

7oct o

looct  o

Iloct 2 / 2

120ct 3 / 3

130ct 9 / 1 3

140ct o

150ct 1 / 1

1 6 0 c t  1 / 1

170ct o

190ct o

2ooct o

210ct  o

230ct o

11/12

September 31/67

October 35/60

Total 77/139

7/25

o

10/1’20

2/6

1/2

4/25

1/4

o

12/49

o

0

3/15

2/2

o

4/12

1/10

1/1

o

0

7/9

o

0

1/5

o

0

44/122

41/214

31/103

116/439

o
0

1/1

o

0
0

1/1

o

0

0

0

0

0

1/1

1/1

o

0

0

0

0

0

0

0

0

0

5/5

9/12

2/2

16/19

o

0

1/1

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0/0

1/1

0/0

1/1

1/1

3/3

2/2

3/3

5/5

1/1

2/2

o

0

0

0

1/1

1/1

o

1/1

o

0

0

0

0

0

0

0

0

0

18/22

23/25

3/3

44/50

o

0

0

1/1

o

0

0

0

0

0

0

0

0

2/2

o

0

0

0

0

1/3

o

0

0

0

0

0/0

1/1

3/5

4/6
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Bowhead relative abundance within the survey blocks (WPUE) ranged from

8.46 (block 11) to 0.06 (block 7; Table 10). Relative abundance was highest in block

5 in August (WPUE = 0.63), Mock 4 in September (WPUE = 2.21) and block 11 in

October (WPUE = 9.00), reflecting a westward shift in flight effort and sightings

with time. These relative abundance indices were generally similar to prior years

(see Table 26).

Bowhead density estimates calculated for the survey blocks generally

reflected trends evident in the analysis of relative abundance (Figure 12). Density

was highest in block 5 in August (0.0011 whaies/km  2) and September (0.0007

whales/km2),  and block 11 in October (0.0045 whales/km 2) . Total density

estimates for the season were 0.0044 whales/km2  in block 11, 0.0008 whales/km2  in

block 12, 0.0006 whales/km2  in block 5, 0.0004 whales/km2  in block 3 and 0.0003

whales/km2  in block 1. Bowhead density could not be calculated for survey blocks

in the Chukchi  Sea because whales were never seen there while flying a random

transect survey line. The calculation of bowhead density estimates for

bathymetrica!ly  derived subregions in the Alaskan Beaufort Sea are presented in

Appendix B.

Migration Route, Timing, and Habitat Relationships

The observed bowhead migration route across the Alaskan Beaufort Sea was

centered roughly along the continental shelf break (Figure 11 D) as in past years

(Ljungblad  et al., 1985). Bowheads were seen in the Alaskan Beaufort Sea as early

as 7 August (Appendix A: Flight 16) from the primary aircraft (N780), and by

11 September (Appendix C: Flight C-2) from the secondary aircraft (N545N); but,

except for one whale swimming slowly west near Demarcation Bay on 17 August

(Appendix A: Flight 23), all bowheads seen between 7 August and 13 September

were resting, displaying, feeding, or swimming slowly in other than a westerly

direction and did not appear to be migrating. From 14 to 17 September, neither

aircraft flew surveys due to a severe storm that hit Alaska’s North Slope in mid-

September (see Survey Conditions Summary, pp. 25-28). This hiatus in survey

effort made a precise onset of the bowhead migration somewhat difficult to

determine because whales seen prior to 14 September may have migrated west

during the storm. One bowhead was seen just north of Point Barrow on

18 September (K. Frost, personal communication) indicating that some whales had

moved across the Alaskan Beaufort Sea by that time. However, there were no

bowhead sightings from the primary aircraft (N780) on surveys conducted from 18
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to 20 September (Appendix A: Flights 40 to 42), and only one whale was seen from

the secondary aircraft on 19 September (Appendix C: Flight C-6) indicating that

whales were not migrating through the Alaskan Beaufort Sea east of 150°W in the

days immediately foIlowing the storm.

The observed migration period began on 22 September, when two bowheads

were seen from N780 (Appendix A: Flight 43) swimming in a northwesterly

direction east of Demarcation Bay, and one whale was seen from N545N (Appendix

C: Flight C-7) swimming west approximately 63 km east of Barter Island. The last

bowhead seen in the Alaskan Beaufort Sea by this project was at 71° 30.7’N,

1560 47.O’W on 16 October (Appendix A: Flight 62). A few bowheads (n = 7) were

seen after 16 October in the Alaskan and Canadian Beaufort Seas by researchers on

other aircraft surveying near-shore areas (3. Richardson, personal

communication). No bowheads were seen on transect surveys in Canadian waters

and in blocks 1, 3, 4,and 5 on 19 and 20 October, nor on surveys of blocks 3, 12,and

13 on 21 and 23 October. The end of the migration period was determined as

20 October after researchers on N780 and two other aircraft (J. Richardson,

personal communication ) surveyed areas in the western Canadian and Alaskan

Beaufort Seas between 1390W and 152°W on two consecutive days and saw no

bowheads, indicating that the majority of the migration was probably past.

There were three single-day WPUE peaks in the Alaskan Beaufort Sea during

the 22 September to 20 October migration period (Figure 13). The first W PUE peak

(4.80) resulted from the sighting of 16 to 19 bowheads, including three calves, that

were resting, milling, and swimming slowly approximately 40 km north northeast of

Barter Island on 27 September (Appendix A: Flight 48; Appendix  C: Flight  C-11).

A second WPUE peak (5.23) occurred on 6 October (Appendix A: Flight 54) when 26

bowheads, including one group of 18 whales with three calves, were seen between

Deadhorse and Smith Bay. The third relatively high WPUE (2.99) was calculated

for 13 October when 13 bowheads were seen approximately 55 km north of

Deadhorse.

a. Bowhead Sighting Summary From Ten Aerial Survey Crews

Ten aircraft and crews dedicated to surveying for bowhead whales flew over

the Chukchi and Alaskan and Canadian Beaufort Seas in August, September, and

October 1985 (Table 11). The only aircraft to fly random line transects covering

the entire Alaskan Beaufort Sea (140°W to 157°W) was the primary aircraft (N780)

from this project. All other aircraft flew either systematic transect surveys or
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Table 11. Bimonthly summary  of bowhead sightings (number of sightings/number of whales) by ten
aircraft and crews surveying the Alaskan Beaufort Sea (ABS),  the Canadian Beaufort Sea (CBS) and the
Chukchi Sea (CS), August-October 1985

A u g u s t 1-15 September

I
16-30 September O c t o b e r T o t a l

A i r c r a f t ABS CBS ABS CBS CS A B S  C B S Cs ABS CBS es ABS CBS T o t a l

N7 SO 11/12

N545N

*LGL- 0/0
In/GOv
(2 aircraft)

ES L 3/4

LGL-
Union

LGL-
Shell

LGL-
Feeding
Study

LGL-
Shell
(Inuvik)

USFWS
(Barrow)

Total 14/16

- = no effort reported

0/0

87/1 290

24/76

111/1366

3/6 10/28

5t53 0/0

0/0 22/1202

4/18 32/55

6/10 -

0/0 -

8/1 02 0/0

24/189 64/1 285

0/0

4/5

4/5

15/30

16/53

13/13

5/5

25/92

5/8

79/201

3/3

0/0

o/0

2/5

5/8

3/3

4/6

7/9

32/57 0/0

10/13 -

9/18 0/0

1/2 26/119

0/0 -

52/90 26/119

3/3

8/1 1

61/105

19/106

o/0

7{22

29/36

14/23

33/194

1/2

5/8

13/31

Oio

109/2492

56/131

0/0

2/5

26/119

77/139

19/106

109/2492

63/153

29/36

14/23

35/199

27/121

13/19

11/1 4 169/496 206/2778 386/3288

* LGL-In/Gov includes the following industry and government agencies: Amerada Hess Corporation, Amoco Production Company, BP
lllaska Exploration, Chevron USA, Exxon USA,  Shell Western E&P, Standard Alaska  Production Company, Tenneco, Texaco, Unocal,
Canadian Department of Fisheries and Oceans. Canadian Department of Indian and Northern Affairs. National Marine Fisheries
Service, Nor;h Slope Borough, U.S. Marine Mammal Commissio~.  Number of whales is estimated. ‘



search surveys north to 720N and between 1440W and 1170W (N545N,  Appendix C;

LGL-Feeding Study, Richardson et al., 1985c;  LGL-Shell (Inuvik),  J.  Richardson,

personal communication; ESL, Environmental Sciences Limited, L. Harwood,

personal communication; LGL-In/Gov,  G. Miller, personal communication), or

fixed-grid systematic surveys near drill sites, one of which extended north to

70045fN between 144020’W and 146050’W (LGL-Union;  J. Richardson, personal

communication) and the other which extended north to 7 loN between 147040’W

and 149030’W (LGL-Shell; S. Johnson, personal communication). One aircraft

(USFWS;  K. Frost, personal communication) conducting line transect surveys for

walrus in the northeastern Chukchi Sea provided incidental bowhead sighting data

for that area. Although flight effort and survey rationale varied with each

aircraft, an analysis of sighting data from all aircraft was undertaken in order to

present the most comprehensive picture of the fall 1985 bowhead migration during

the August- October time period.

In August, one aircraft (N780)  was dedicated to surveying for bowheads in the

Alaskan Beaufort Sea (west of 14 C)oW), with three additional aircraft (LGL-In/Gov,

two aircraft, and ESL) surveying in the Canadian Beaufort. Numerous bowheads

(> 1000) were seen in the Canadian Beaufort (L. Harwood, personal communication;

G. Miller, personal communication), but few (n = 16) were seen in the Alaskan

Beaufort (Table 11). Bowheads were seen as far east as Amundsen Gulf (7 lo30’N,

119°50’W),  but the majority of sightings” in Canada were made north of Kay

(69°10’N,  138 °z0’W) and Shingle  (68°55’N,  137°25’W) Points  (Figure  14A).  Bow-

heads in the Alaskan Beaufort Sea were seen approximately 0.5 to 89 km offshore

in water 7 to 146 m deep & = 48.4, 38.66 s.d.,  n = 15). Although systematic surveys

were flown west to 150°W (Appendix A: Flights 21 and 31), bowheads were seen

only as far west as 1410 55’W (Figure 14A).

In the first half of September, four aircraft and research crews were

dedicated to surveying for bowheads primarily in the Alaskan Beaufort Sea, with

three additional aircraft (LGL-In/Gov,  two aircraft, and ESL) surveying in the

Canadian Beaufort. Bowheads were seen in Canada as far east as Franklin Bay

(70°N, 126°20’W) and again in large numbers (> 1000) north of Kay and Shingle
Points (L. Harwood, personal communication; G. Miller, personal  communi-

cation), and there were more bowhead sightings (n = 189) in the Alaskan Beaufort

Sea (Figure 14B). Data from the four aircraft surveying in Alaskan waters indicate

that bowheads were seen approximately 0.5 to 120 km offshore in water 7 t o

1850 m deep (~ = 81.7, 334.2 s.d.,  n = 30). Whales were seen as far west
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as 146 °48’W (Figure 14B), although systematic surveys were flown west to 1500W

(Appendix A: Flight 39). Aggregations of 10 to 25 whales were consistently seen

east of Demarcation Bay along Komakuk Beach by researchers on four aircraft

(Appendix A: Flights 36 and 37; Appendix C: Flights C-2, C-3 and C-4; Richardson

et al., 1985c;  L. Harwood, personal communication).

In the latter half of September, there were no crews surveying exclusively in

the Canadian Beaufort, but five aircraft and crews were surveying in the Alaskan

Beaufort and bowheads were seen between 1400W and 149019’W from 0.5 to 78 km

offshore (Figure 14 B), in water 7 to 387 m deep (~ = 47.8, 62.6 s.d.,  n = 79). Three

bowheads were seen swimming in a westerly direction in the Alaskan Beaufort Sea

on 20 September at 70032’N, 145012’W (n = 2; J. Richardson, personal communi-

cation) and 70043’N,  147048’W (n = 1; S. Johnson, personal communication).

These sightings, together with sightings on 22 September (Appendix A: Flight 43),

were the first westward migrating bowheads seen since 17 August. As a result, the

NMFS officially recognized the onset of the bowhead migration as 24 September

(B. Morris, personal communication). No bowheads were seen in the western

Alaskan Beaufort Sea (between 149°30’W  and 157°W),  although transect surveys

were flown west to 1570W (Appendix A: Flight 45). Surveys in Canada were flown

only between 130030’W and 131030’W (L. Harwood, personal communication) and

there were no surveys of the western Canadian Beaufort (1360W to 139°) during the

latter part of September. Therefore, the presence or absence of bowheads north of

Kay and Shingle Points during this time period cannot be verified. Research per-

sonnel flying walrus surveys in the far western Alaskan Beaufort (1560W to 1570W)

and northeastern Chukchi  Seas between 18 and 30 September saw 13 bowheads

between 7 and 140 km offshore (K. Frost, personal communication; Figure 14B and

15). This indicated that either a portion of the bowhead population had migrated

from the Canadian Beaufort through the Alaskan Beaufort by mid to late

September, or that a segment of the western Arctic stock of bowheads may have

never completed a migration to the eastern Canadian Beaufort Sea and instead

remained in the Chukchi or Alaskan Beaufort Sea throughout the summer and fall,

as suggested by Ljungblad et al. (1983). Bowheads have been sighted in the

Chukchi Sea in August and September (Bogoslovskaya  et al., 1981; Braham et al.,

1984; Moore et al., 1986a; Ray and Wartzok, 1980) and the USFWS sightings may

have been of bowheads that were early migrants from only as far as the Alaskan

Beaufort Sea.
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In October, surveys continued to be flown over the Alaskan Beaufort by

three aircraft, and an additional aircraft and crew flew surveys in the western

Canadian Beauf ort Sea from 7 to 18 October. Sightings were generally farther to

the west (Figure 14C), and nine bowheads were sighted in the Chukchi Sea

(Appendix A: Flights 58 and 61; K. Frost, personal communication ; Figure 15).

The aggregation of whales consistently seen east of Demarcation Bay along

Komakuk Beach in September was not seen in October, although there were

numerous sightings of bowheads (n = 25 to 30) in Canadian waters, particularly

between Kay and Shingle Points (J. Richardson, personal communication; Figure

14C). Bowheads have been seen in October in the western Canadian Beaufort Sea

in past years (Ljungblad et al., 1985), although not in such substantial numbers.

Most October sightings in the Alaskan Beaufort Sea were west of 1440W, between

18 and 92 km offshore and in water 4 to 595 m deep & = 49.9, 85.5 s.d.,  n = 78).

There were no sightings of bowheads made by any aircraft in the Alaskan Beaufort

Sea after 17 October, nor in the Canadian Beaufort Sea after 18 October.

Extensive survey effort between 1390W and 1520W on 19 and 20 October by three

aircraft produced no sightings of bowheads, indicating the majority of the

migration had passed.

Despite differences in data-collection techniques and project rationale, the

combined sighting data base indicated that the observed migration route across

the Alaskan Beaufort Sea was centered roughly shoreward of the continental shelf

break generally along the 29 m Isobath  (see Figure 14D). Combined sighting rates

were relatively low in August and through early September, particularly in the

Alaskan Beaufort Sea, suggesting that the fall 1985 bowhead migration was

somewhat abbreviated and had a later peak period than in some other years (1982,

1983). The 1985 migration was most similar to 1979 when there were peak daily

WPUE and peak 5-day SPUE in mid-October (LjungbIad  et al., 1985; see Figure

27).

,Most whales seen from the primary aircraft (75%, n = 104) were found in

shallow (0-50 m) depths throughout the fall (Table 12). Twenty-five percent

(n = 35) were found in transitional (51 to 2,000 m) depths and no bowheads were

seen in deep water (over 2,000 m): Mean depth at bowhead sightings was 56 m,

with the deepest sighting (595 m) that of a group of 18 whales that appeared to

be feeding in waters north of Harrison Bay on 6 October (Appendix A: Flight 54).
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personal communication).

Bowheads were usually seen in light ice conditions (O to 30% coverage; 64%,

n = 88), or heavy ice conditions (71 to 99% coverage; 33Y0, n . 47) (Table 13).

Bowheads seen in August (9%, n . 12), when ice coverage was heavy in all areas of

the Alaskan Beaufort Sea, were in relatively ice free water (0-5Yo) north and east

of Herschel Island. Most whales (61 %, n = 41) seen in September were in open

(s1 % ice) water with the remainder seen in 21 to 40 percent coverage (33%,

n = 22) and 81 to 90 percent coverage (6Y0, n = 4). Bowheads seen in October were

mainly (71 Yo, n = 43) in >71 percent ice as most of the Beaufort Sea was frozen

over.
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Table 12. Bimonthly summary of depths at bowhead sightings, fall 1985.

1-15 Aug 16-31 Aug 1-15 Sep 16-30 Sep 1-23 Ott Total
No.(%) No.(%) No.(%) No.(%) No.(%) No.(%)

Shallow 4(44) 2(67) 34(100) 31(94) 33(55) 104(75)

(0-50 m )

Transition 5(56) 1(33) o 2(6) 27(45) 35(25)

(51-2,000  m)

Deep o 0 0 0 0 0

(over 2,000  m)

TOTAL 9 3 34 33 60 139

Table 13. Number and percent of bowheads found in each ice coverage class, fall

1985.

Ice Coverage 1-15 Aug 16-31 Aug 1-15 Sep 16-30 Sep 1-23 Ott Total
(%) No.(%) No.(%) No.(%) No.(%) No . (%)  No . (%)

0 - 1 0
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90
91-99
TOTAL

9 (loo) 3 ( loo) 34 ( l o o ) 7 (21) 15 (25) 68 (49)
o 0 0 1 (2) 1 (1)
o 0 0 l; (58) O 1; (::;
o 0 0 3 (9) o
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 (2) 1 (1)
o 0 0 0 29 (48) 29 (21)
o 0 0 4 (12) 1 (2) 5 (3)
o 0 0 0 13 (21)  13 (9)
9 3 34 33 60 139
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b. Temporal Distribution of Bowheads in Relation to OCS Drilling Activities

Five OCS drill sites were active at various times during fall 1985 (Table 14).

Activity at and near these sites included actual drilling procedures (drilling,

casing, cementing, logging, testing) as well as daily helicopter and vessel (tugboats

and icebreakers) support efforts. Very little actual drilling took place between

August and October; the majority of activity involved support efforts by

helicopters and vessels. AH drill sites were located between 1430W and 153°W.

Bimonthly bowhead sightings collected from all research crews conducting studies

in the Alaskan Beaufort Sea were plotted within this 10o window for September

and October to exhibit the spatial and temporal distribution of whales in relation

to these OCS drilling activities (Figure 16A-C). Whale sightings near drill sites

were not plotted in August because all sightings were east of 1430W.

The concrete island drilling structure (CIDS) was anchored at Orion Prospect

near Point Lonely and preparatory activity was taking place there as weU as on

Sandpiper Island by 1 August. T h e  drillship  Canmar  Explorer y arrived at

Hammerhead Prospect on 6 August. All bowheads seen in August were well to the

east of these sites; the closest bowhead sighting was of one whale 166 km east of

Hammerhead Prospect (Appendix A: Flight 22).

The same three sites remained active between 1 and 15 September. As in

August, Orion Prospect and Sandpiper Island had only support activities taking

place, but Hammerhead Prospect carried out logging, casing, cementing, and

testing procedures (Table 14). Nine sightings of 16 bowheads were made by crews

aboard two survey aircraft between 143°W and 153°W (Figure 16A). Bowheads

were sighted 18 to 77 km from Hammerhead Prospect (Appendix A: Flights 37 and

39; J. Richardson, personal communication). All whales were either northeast or

northwest of the drilling site (Figure 16A); no bowheads were seen south of the

drillship  between it and the shoreline. All bowhead sightings during this period

were well east of Sandpiper Island and Orion Prospect; the closest whales to these

sites were 85 and 197 km distant, respectively (J. Richardson, personal

communication). In late September, four drill sites were active, including Orion

Prospect, Sandpiper Island, Hammerhead Prospect and Corona Prospect, to which

the Canmar Explorer ~ drillship  was moved after work was completed at

Hammerhead Prospect. Orion and Sandpiper again had only support activity taking

place, but Hammerhead was drilling between 22 and 24 September and Corona was

drilling between 25 and 28 September. Sixty-five sightings of 161 bowheads were
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Table 14. Summary of five OCS drilling site positions, periods of activity, and
closest bowhead whale sighting, fall 1985.

Site Type of Posi t ion Period of Total  Period of Activity Closest  Bowhead
ldentif ier drilling (Lat N, Drilling (including helicopter Sight ing

s i t e Long W) Activity and vessel support) (date and distance)

Orion
Prospect

Sandpiper
Island

Hammerhead
Prospect

Corona
P r o s p e c t

Erik
Prospect

c o n c r e t e
island

drilling
s t r u c t u r e

(cIDS)

a r t i f i c i a l
island

drill ship-
Canmar

Explorer H

drill ship-
Canmar

Explorer H

drillship-
Cmmar

Explorer II

70057.2
152003.8

70035.4
149005.5

70021.6

1 4 6 0 2 1 . 3

70018.9,
144049.7

TOOZOOT

143058.8

began drilling
in Nov.

began drilling
13 Ott

8-17 hg

22 Aug -16 Sept;
22 Sept -24 Sept

25-23 Sept;
3-4 Ott

5 Ott;
13-14 Ott

on site 1 Aug 6 Ott
59.5 km NE

on site 1 Aug 6 Ott
32.6 km NNE

6 Aug -24 Sept 11 Sept
18.6 km NW

25 Sept -20 Ott 23 Sept
16 km NNE

5-14 Ott 7 Ott
14.5 km W
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made in the area between 1430W and 1530W by crews aboard five survey aircraft

between 16 and 30 September (Figure 16B). Bowheads were seen 16 to 68 km north

and east of Corona Prospect (Appendix A: Flights 46 to 48; Appendix C: Flight

C- 11; J. Richardson, personal communication), and 28.5 to 49 km northeast of

Hammerhead (Appendix A: Flight 47; J. Richardson, personal communication).

Bowheads were also sighted 43 to 59 km north of Sandpiper Island (S. Johnson,

personal communication), but none were seen near Orion Prospect.

In October, support activities continued to take place at Orion Prospect, and

Sandpiper Island began to dri~l on 13 October. The Canmar  Explorer ~ drillship

divided its time between Corona Prospect and Erik Prospect, only 32 km apart.

Forty-seven sightings of 84 bowheads were made by crews aboard three survey

aircraft between 1430W and 153° in October (Figure 16C). Bowheads were

generally seen north of all drill sites. Closest whale sightings were 59.5 km from

Orion Prospect (Appendix A: Flight 54), 32 to 50 km directly north of Sandpiper

Island (Appendix A: Flight 53; S. Johnson personal communication), and 14 to

28 km from both Erik and Corona Prospects, including one whale seen directly

between the two sites on 7 October (3. Richardson, personal COrnrnUnjCatjOn3;

Figure 16C). There was no actual drilling activity taking place at either site on

that day due to ice conditions and the whale migration, but vessel and helicopter

support activities were going on.

The effects of underwater noise generated by industrial operations on

bowheads may be manifested relatively far from their source because sound travels

very efficiently in water (Urick,  1983). The underwater sound fields around

offshore drilling sites are comprised of the combined noise generated by support

vessels, helicopter and fixed wing aircraft overflights, drilling activities, and

occasionally icebreakers (Gales, 1982; Greene, 1985; Moore et al., 1984). Peak

noise levels from these industrial sources are generally low frequency (< 500 Hz),

and are comprised of a variety of spectral components that are described as either

a) broadband “rumbling” sounds that are not concentrated at any particular

frequency, or b) narrowband tonal sounds that are concentrated at frequencies

associated with rates of machinery operation events [e.g.,  prope~ler  rotation rate).

Overall, the industrial noise associated with shallow water drilling sites, such as

those listed in Table 14, is roughly 25 dB above median ambient noise level at 1 km

radius and 10 dB above median ambient level at 10 km radius (Greene, 1985). As a

result, bowheads seen closest (14.5 to 18.6 km) to the three easternmost drilling
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sites could probably detect underwater noise associated with the ongoing industrial

activities. Because bowhead distribution near these sites was not appreciably

different from that of prior years, it does not appear that industrial noise affected

whale movements.

Behavior and Sound Production

Forty-four percent (n = 61) of all whales seen were either swimming or diving

(Table 15). Bowhead swimming direction was not significantly clustered around a

mean heading in August (Figure 17). In September, headings were significantly

clustered around a mean of 2860T,  and in October there was significant clustering

around a mean heading of 2760T,  for a total combined heading of 2790 for whales

seen in the Beaufort Sea. In the Chukchi Sea in October, bowhead swim direction

(n = 2) was not significantly clustered around any mean heading. Bowheads not

migrating were resting (1 lYo, n = 15), feeding (25V0, n = 35)~ milling (7~o? n = 9)? part

of cow-calf association (9Y0, n = 12) or displaying (5Y0,  n = 7). One solitary calf was

seen resting at the surface without an adult (Appendix A: Flight 17).

Feeding bowheads were seen on two occasions. The first group, of 23 to 25

adults, was seen on 9 September (Appendix A: Flight 36) within 0.5 km of shore

between 139°45’W and 140 °41’W. The second feeding group was seen on 6 October

(Appendix A: Flight 54) at 71020’N,  150047’W and contained 18 to 20 individuals,

including three calves that were each closely associated with an adult. This group

was located near the shelf break north of Harrison Bay and was in 80 percent ice.

Milling, repeated dives and defecation were among the behaviors exhibited by

each group, and mud and sediment were evident on the surface.

Two bowheads, among a group of four westerly swimming whales, were seen

breaching on 5 October (Appendix A: Flight 53). .Both  whales were swimming

when initially sighted and then began series of breaches. The two whales

accompanying the breaching whales continued swimming with no apparent change

in speed or direction. Bowheads were seen tail slapping twice in August and twice

in September, and one whale was observed rolling (Appendix A: Flight 48).

Most bowheads (67%, n = 93) were swimming at slow (<2 km/hr)  to medium (2

to 4 km/hr)  speeds and none were observed swimming fast (>4 km/hr)  (Table 16).

Thirty-one percent (n = 43) were still.
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Table 15. Bimonthly summary of bowhead behavior, fall 1985.

1-15 Aug 16-31 Aug 1-15 Sep 16-30 Sep 1-23 Ott Total
No.(%) No.(%) No.(%) No.(%) No.(%) No.(%)

MIGRATORY

Swim
Dive

SOCIAL

Rest
Feed
Mill
Cow-Calf
Display

TOTAL

5(56)
o

2(22)
o
0

2(;2)

9

3(100)
o

0
0
0
0
0

3

3(9)
o

2(6)
23(68)
6(18)

o
0

34

.1 7(52)
2(6)

5(15)

2?6)
6(18)
1(3)

33

6(10)
12(20)

1(2)
6(10)
4(6)

60

58(42)
3(2)

15(11)
35(25)

9(6)
12(9)
7(5)

139

Table 16. Bimonthly summary of bowhead swimming speeds, fall 1985.

1-15 Aug 16-31 Aug 1-15 Sep 16-30 Sep 1-24 Ott Total
No.(%) No.(%) No.(%) No.(%) No.(%) No.(%)

Still 3(33) - - 3(9) 9(27) 28(47) 43(31)

0 kmihr

slow 5(56) 3(100) 30(88) 20(61) 19(32) 77(55)

<2 km/hr

Medium -- -. 1(3) 4(1 2) 11(18) 16(12)

2-4 km/hr

Fast - - - - -- -- -- 0(0)

>4 km/hr

Unknown 1(11) -- -- -- 2(3) 3(2)

TOTAL 9 3 34 33 60 139
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Introduction

I. OVERVIEW

LA General

Two years before the infamous foundering of the Emon Valdez on Bligh Reef,

the Minerals Management Service contracted a large social indicators project among 30

coastal Alaskan villages from Kodiak Island in the south to Kaktovik on the arctic coast.

The research team created a sampling design for this large study with the sole intention

of providing valid analyses of the consequences of exogenous factors, including oil-

related factors, on village economies, societies, and households. The design is comple%

embracing several data sets drawn from several samples interviewed over four research

waves. The design is simplified here for quick comprehension.1

In 1988, while conducting the second year of field research pursuant to the

original research design, we made our first research visits below the Alaska Peninsul~

conducting interviews in the villages of Kodiak City and Old Harbor. We returned to

those villages again in the winter of 1989, completing our second wave of research there

only days before the North Slope crude oil began spewing from the ruptured hull of the

Exxon Valdez. The oil slick and blobs of oil began washing up on Kodiak Island

beaches only 3 weeks after the foundering. None of the Prince William Sound, Cook

Inlet, and Alaska Peninsula villages directly affected by the oil, other than Kodiak City

and Old Harbor, were included in our 30-village sample.

On an emergeney basis, the Minerals Management Service moved as fast as

possible to seeure funds to study the affeeted villages. As a consequence, our research

assignments increased in size and became more complex. Our research design was

modified and our inquiry e~anded  to determine the consequences of the spill to the

residents of the affected villages.@ndnOte  1)

lThe  research designs for the original Social Indicators project begun in 1987 and for themn-z  spfi
area project begun in 1989 are explicated fully in Social Indkators  Project II. Research Methodology Desi~
Sampling, Reliability, and Validity (1993), and Social  Indicators Project V. Research Methodology Desigq
Sampling, Reliabfity,  and Validity for Viiages Affected by the Exxon Valdez  Oil Spill  (1993).
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Although we had been to the Kodiak Island villages in February, we returned in

the summer of 1989. We also studied eight Cook Inlet, Prince William Sound, and

Alaska Peninsula villages and--as control groups--two small villages that had not been

directly affected by the spill, one in the Aleutians and one up the Nushagak River in

Bristol Bay. The data we had collected in Kodiak City and Old Harbor prior to the spill

provide an important baseline for the postspill analysis of Kodiak Island communities.

We were not so fortunate for other villages in the spill area.

In the initial phase of the Social Indicators Study, we established Schedule A and

B datasets. Schedule A consists of sample communities in the North Slope, NAN~

Calista, and Aleutian-Pribilof Islands regions. Schedule B consists of sample

communities in the Bering Straits, Bristol Bay, and Kodiak regions (see Human

Relations Area Files 1992a and b). Comprising Schedule C are communities in the

Kodiak, Prince William Sound, and Cook Inlet regions that are part of the oil-spill

component of the study. The Schedule C reports (Part 1 and 2) present ethnographic

summaries of selected communities in the spill zone. Map 1 depicts the Schedule C

study area.

This introduction describes the political-economic contexts of the State and the

regions in which Schedule C communities are located. The political-economic contexts

are instrumental in allowing us to account for several key social and economic relations

that shape Schedule C communities. The W summaries that follow the introduction are

descriptive ethnographies of spill-affected villages that provide substantial detail beyond

the information provided here. We do, however, provide some results from the first

wave of research in Schedule C communities subsequent to the spill in 1989 that will

facilitate understanding of the village ethnographies that follow.

The sample corrmmnities of Schedule C are Valdez, Cordova, Tatitlek, Seldovia,

Kodiak, Old Harbor, Chignik, Sand Point, Unalaska, Saint Paul, False Pass, Nikolski,

Atka, Dillingham, Togiak,  Manokota~  Nakne~  Kenai, Tyone~ and Ekwok. Karlu~  on

Kodiak Island, was added during 1990, Tatitlek was studied only once in 1989. The

communities identified above that are in the Bristol Bay and Aleutian-Pribi.lof Islands

regions north of the Alaska Peninsula were sampled mainly as “controls” for the oil-
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affected villages. They are separated from the villages most intensely affected by the

physical oil spill. The villages north of the Alaska Peninsula could be viewed as having

~t received the “intervention” or “treatment” (i.e., physical oil spill) in experimental

terms, although such a view would disregard social and economic consequences to

persons residing in areas adjacent to the spill. Two new control communities (Ekwok

and False Pass) were added in 1989; the other control communities (Sand Point,

Unalask% St. Paul, Nikolski, Atk~  Dillingh~ Togi~ Manokot~ and Naknek) were

drawn from existing Schedule A and B samples. In our subsequent waves of research,

the control communities were eliminated for logistical, cost, and scientific reasons?

Schedule C communities can be divided into groups on the basis of geographic proximity

and administrative boundaries (see Map 1). Prince William Sound communities are

identified as Cordova, Valdez, and Tatitlek. Cook Inlet communities are Tyone~

Seldovia, and Kenai. Kodiak communities are Kodia& Old Harbor, Karlu~  and

Chignik?

I.B. Alaska Social Indicators Research Design

Each village is studied at several points in time to determine whether changes

have occurred among the items that we measure between research waves. To select

villages for our samples, we classified all villages in the spill area by several “theoretical

contrasts.” This is called “stratifying” a universe that we intend to sample. We wanted to

make sure that each of the village types we considered to be theoretically important

would be included in our sample. For example, commercial fishing is extremely

important in some villages in the spill area but not all.

2 The study team quickly discovered that the social and economic effects of the spill extended far beyond
the area of physical contamination. The ANCSA regional corporation that secured the greatest volume of oil-
spill-cleanup employment, for example, was NANA in northwest Alaska. Other evidence (such as the shipment
of subsistence salmon to affected communities from Togiak  and possible commercial-fishing impacts as far north
as Unakddeet)  supports our concern that the definition of “mntrol” immunities is quite wmplex. We
abandoned the concept as a feature of Schedule C research desi~ although we continue to examine. the
characteristics of communities distant from the spill from time to time.

3 Chignik is not aligned with Kodiak Island in an institutional sense, but it is adjacent to this area.
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To account for these differences in villages,

to class@ villages before selecting our sample was

one of the primary features we used

whether they gained more than 60

percent or whether they gained less than 40 percent (there was nothing in between) of

their total incomes from commercial fishing-related businesses. We refer to the different

types of villages as “theoretical contrasts” between Commercial Fishing and

Noncommercial Fishing villages. We also classified as Hubs villages that (1) had well-

developed transportation services and complex and well-developed infrastructures and

(2) provided many services; and we contrasted these Hubs with Periphery villages that

had (1) poorly developed transportation services, (2) modest infrastructures, and (3) few

services. We classified villages along other dimensions, but those we have mentioned

should make the point. Every village in the spill area was classified along each of the

above dimensions we created as “theoretical contrasts.” When we selected villages for

our sample, we assured that each half of each theoretical contrast (for instance,

Commercial Fishing/Noncommercial Fishing and ~/PeriPhery) was represented by

several villages. The contrasts allowed us to determine whether the oil spill affected

similar types of villages in similar ways, and possibly why those effects would be similar

(or different).

The research design also calls for a “Pretest” sample comprising respondents

interviewed once and only once, and a “Posttest” sample--conducted at a later date--

comprising respondents who have not been interviewed previously and who are

interviewed once and only once.

To accomplish this, in the summer of 1989--after selecting the sample villages--we

entered each study village, mapped all of the housing structures in the village, and

assigned a number to each house. Next, we consulted a table of random numbers and

selected a sample from all of the occupied housing structures; and then we interviewed

an adult in each house. During that first research wave after the spill, we carefully noted

each household that was selected for the sample by location and number. We did so

because the postspill sample of 1989 is actually a “Pretest Sample” in our research

design. To call a sample a “Pretest” (even though it is postspill), anticipates that we will

draw a “Posttest Sample” at a later date. In our research desi~ we took care to make
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sure that persons drawn for the “Pretest” sample were not selected again and interviewed

in the “Posttest” sample.

We assured that pretest respondents did not appear in the posttest samples by

“not replacing” the pretest households into the population from which we drew our

posttest sample. This was easily accomplished by checking our original maps and not

selecting any house that had been selected for the pretest sample. Additionally, if a

pretest respondent had relocated and that person’s household was then selected for the

posttest sample, we simply did not reinterview that person or anyone else in the house.

This procedure is called “sampling without replacement”: once interviewed, a person is

not returned to the sample to be selected again. We followed this procedure so that we

could avert the problem of “reactivity,” meaning that a person’s response may be

conditioned by a previous response to the same question--hence introducing subjective

bias into the results.

It is important to note that although we have just claimed that we selected a

“Posttest” sample from a population that excluded all “Pretest” respondents, we also took

care to intexview some respondents as many as four times, others three, and some two.

Persons seleeted for reinterview comprise “Panels.” We created our panels through the

following process: We had the names and house locations of each respondent in each

pretest sample, so when we returned to a village to select and interview a posttest

sample, we both selected the posttest sample and drew at random a small sample of

respondents from the pretest sample that we had interviewed the previous year. The

small samples, or panels, comprise about 30 percent of the original pretest respondents.

We asked these 30 percent the identical questions we had asked them the previous year.

And if we returned a third time, we asked these identical respondents the identieal

questions for a third time. In this fashion we could determine whether changes had

occurred to a subsample of respondents from our original pretest sample. But we

couldn’t know whether any differences we discovered represented changes that had

occurred, unless we could compare responses of panel members with responses of

persons interviewed in the posttest samples. The comparisons of panels with pretest and

posttest samples, the~ gave us a means to test threats to validity posed by reactivity,
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regressio~  and other factors. If those threats do not materialize, we are able to account

for change.

Our research desi~ which employs an objective instrument--a forced-choice

questionnaire--also employs a more subjective instrument--which is a rather open-ended

protocol, or list of topics about which informants respond. Respondents to

questionnaires must choose among a set of predetermined choices for each questio~  but

the protocol respondent can provide expansive answers to questions. It is incumbent

upon the researcher to classi~ the responses of the persons they interview. It is evident

that the protocol is more subjective than the questionnaire, but it is also deeper and

allows for greater understanding than the questionnaire. The objective strength of a

questionnaire can be lessened through the trivializing of topics. In our desi~ we

compensate for the weaknesses of the questionnaire

and vice versa.

11. ORGANIZATION OF THE KI SUMMARIES

The Schedule C ICI summaries are organized

with the strengths of the protocol,

as two documents. One is devoted

to Prince William Sound and the other to Cook Inlet and the Kodiak Island area. These

summaries focus on communities (in contrast to Schedule A and B summaries for the

first phase of the MMS Social Indicators study, which focused on samples of communities

within regions). In part, this organization of reports is merely convenient. The

summaries are too long to collect in a single document  and two documents make

packaging easier. The organization also is logical: one document focuses on

communities adjacent to the Exxon Valdez spill itself, and another addresses

communities some hundreds of kilometers away. This section also explains in more

detail the aspect of organization described in Section I--the division of communities into

Hubs and perillhery villages. Additionally, Native and Mixed villages are discussed.

Schedule A and B Social Indicator research clearly showed that Hubs and

Periphery villages behaved differently along many parameters. As stated in Section I,

this contrast -b versus periDhery) is one of the principal theoretical contrasts used in

our analysis. Hubs

socially complex in

are centers of administrative and economic infrastructure. They are

terms of ethnic and economic cross-sections; generally display greater
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